






















































































































































































































Figure 10
Scale impression of a 54-cm age-9 summer flounder collected in May showing

a weak first annulus and split zones (double "cutting-over" marks).

~. /'

Figure 11
Scale impression of a 49-cm age-3 summer flounder collected in March
showing growth shifts formed in a repeating pattern prior to the frrst

and second annuli.
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Figure 12
Scale impression of a 61-cm age 4? summer flounder collected in May showing
erratic growth and numerous checks. Repeating pattern of wide circulus spacing

occurs just prior to "cutting over."

Figure 13
Scale impression of a 7l-cm age 5(6) + summer flounder collected in October show

ing highly erratic growth and numerous checks.
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Winter flounder is distributed in the Northwest Atlantic from lower
Labrador southward to Georgia, and is most abundant from the Gulf
of St. Lawrence to Chesapeake Bay. For descriptive purposes, the
winter flounder resource and fishery have been divided into four
major geographic groups: Gulf of Maine, Georges Bank, Southern
New England, and Mid-Atlantic. Migrations of winter flounder are
not extensive. The fish appear to be broken up into local subpopula
tions that are relatively stationary. Movements north of Cape Cod
are relatively localized and confined to inshore waters, whereas
south of Cape Cod, flounder disperse seasonally in relation to water
temperature. Little mixing occurs between Georges Bank and
inshore areas (Howe and Coates 1975). Lux (1973) observed that
winter flounder on Georges Bank grow faster than fish from in
shore areas.

Winter flounder are relatively long-lived, reaching a maximum
age of about 15 years and a length of 58 cm. The growth rate up
to age 2 is the same for both sexes, but thereafter females grow
faster and live longer than males (Lux 1973). Both males and females
mature sexually at age 2, although males mature at a smaller size
than females. Winter flounder spawn from January through May
with spawning beginning earlier in southern portions of its range.

Because interpretation of winter flounder growth in inshore areas
has not been validated, this section deals only with age detennina
tion for Georges Bank fish. Recent research employing daily growth
increments as an age-validation tool for inshore winter flounder has
shown promise, but such studies are as yet incomplete.

Early investigators (Lobell 1939, Perlmutter 1940) chose scales
as the preferred structure; later investigators based age determina
tions on otoliths (Berry at al. 1965, Pearcy 1962). At the Woods
Hole Laboratory, scales are used as the primary structure, although
otoliths are used quite frequently for a corroboration of age
determination.

Scales are taken from the lateral line area a few centimeters
anterior to the caudal peduncle for dry storage. Impressions of the
dried scales are made in laminated plastic using a roller press and
viewed on a microprojector at a magnification of40 x. Regenerated
scales are discarded.

The scales are ctenoid, with radial grooves extending from the
focus to the forward margin of the scale. Otoliths from young-of
the-year fish may be covered with Kodak Photo-Flo 200 solution
for viewing whole by a binocular microscope at a magnification
of 25 x, under reflected light. Otoliths from older fish are thin
sectioned by a low-speed macrotome saw (Nichy 1977). The sec
tions are covered with Photo-Flo, and examined under a binocular
microscope against a dark field with transmitted light at a magnifica
tion of 25-50 x .

By convention, a 1 January birthdate is used. Annular zones on
winter flounder scales appear as changes in the circuli pattern. Zones
of fast and slow growth are reflected by wide or narrow spacing,
respectively, of circuli, made up of individual platelets on the
sculptured upper surface of the scale.

When using either whole or sectioned otoliths, a year's growth
consists of a white opaque zone, representing fast summer growth,
followed by a dark hyaline zone, representing slow winter growth.
The annulus, by definition, is the hyaline zone marking the end
of a year of growth, Le., the winter growth zone.

On winter flounder scales and otoliths, the first winter zone
representative of the first annulus is well defined for slow-growing
fish but not for fast-growing fish. The scale winter zone appears
on the edge approximately coincident with the hyaline edge on



otoliths. Studies have demonstrated close agreement between scale
and otolith readings from the same fish through age 4.

The first annulus on a scale is identified by a dense mass of winter
growth (closely spaced circuli) near the focus; the end of the an
nulus is considered to be the outermost of these circuli. Sometimes,
pigmentation on the scale will cover the first annulus almost com
pletely. The first annulus on many scales is barely discernible and
is usually estimated by slight changes in the formation of the cir
culi (Fig. 1). For all succeeding years, spring and summer growth
are characterized by widely spaced circuli (rapid length accretion)
and fall and winter growth by closely spaced circuli (slow length
accretion). The outer edge of the zone of closely spaced circuli is
considered to be the end of the annulus. Slight checks in growth
consisting of only a few closely spaced circuli on the scale are con
sidered to be checks and may be ignored in assigning age (Fig. 2).

On scales from older fish the identity of checks is more obvious
because of the relative spacing of annuli and the contrast of .:hecks
with the more strongly formed annuli (Fig. 3 and 4). After forma
tion of the third annulus, age interpretation may be complicated
by irregular spacing of annuli (Fig. 5). The growth increment
between the second and third annuli is generally wide, with decreas
ing growth increments between later annuli (Figs. 6 and 7).

Contrast between winter and summer zones tends to deteriorate
toward the outer edge of scales of older winter flounder. After the
fourth winter zone, summer growth appears to merge with the slow
winter growth and the narrow growth increments may make inter
pretation difficult (Fig. 8).

Figure 1
Scale impression of a 36-cm age-2 female winter flounder collected in the
fall from Georges Bank showing a small first annulus with good growth

in the second year.
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Figure 2
Scale impression of a 46-cm age-5 male winter flounder collected in the
spring from Georges Bank showing a fairly strong check after the second

annulus.



Figure 3
Scale impression of a S4-cm age-5? female winter flounder collected in the
spring from Georges Bank showing a check before the second annulus with

split fourth and fifth annuli.
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Figure 4
Scale impression of a 47<m age-6 male winter flounder collected in

the spring from Georges Bank showing a split third annulus.



Figure 5
Scale impression of a 49-cm age-8 female winter flounder collected in the
spring from Georges Bank showing fairly smaU first, second, and third annuli.
There is also a check or damage evident between the fifth and sixth annuli.
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Figure 6
Scale impression of a %-em age-3 female winter flounder col
lected in the fall from Georges Bank showing a fairly small

second annulus with good growth in the third year.



Figure 7
Scale impression of a 4O-cm age-3 female winter flounder col
lected in the fall from Georges Bank showing moderate growth

in the second year with good growth in the third.
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Figure 8
Scale impression of a 51-cm age-6 female winter flounder collected in the
spring from Georges Bank showing close fourth, fifth, and sixth annuli.
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Witch flounder, or grey sole, is a small-mouthed, right-sided
pleuronectid distributed in deep, cold waters from Labrador to North
Carolina. Although numerous stocks of witch flounder have been
delineated in Canadian waters (Fairbairn 1981, Bowering and Misra
1982), no stock-identification studies have been conducted for our
region. Witch flounder in the Gulf of Maine-Georges Bank region
are considered to be a unit stock for assessment purposes. Witch
flounder are sedentary and do not undertake seasonal migrations
(Bigelow and Schroeder 1953). Most commercial catches occur at
depths of 90-270 m over mud bottom at temperatures ranging from
2°C in winter to 9°C during summer (Burnett and Clark 1983).

Relative to other flatfish in the region, the witch flounder can
be characterized as a slow-growing, late-maturing, long-lived
species. Maximum observed length and age for the Gulf of Maine
Georges Bank region are 72 cm total length and 30 years, respec
tively. Median age at sexual maturity for male witch flounder is
4 years; for females, 6.5 years. Spawning occurs over a protracted
season with a peak occurring during May and June. The pelagic
larval stage is lengthy compared with other flounders, lasting from
4-6 months (Bigelow and Schroeder 1953) to a year (Evseenko and
Nevinsky 1973).

The first study of witch flounder age was conducted by Hunts
man (1918), who used scales as the ageing structure. Molander
(1925) and Bowers (1960) both employed whole otoliths for witch
flounder from the eastern Atlantic, but did not validate their method
ology. Powles and Kennedy (1967) polished whole otoliths from
Scotian Shelf samples, validating their interpretation of hyaline zones
as annuli by using modal analysis of back-calculated mean lengths
at-age of younger fish. Burnett (1987) examined thin-sectioned
otoliths from the Gulf of Maine-Georges Bank collections. Valida
tion techniques in this study consisted of comparing ages obtained
from scales with otolith-based ages of individual fish and examin
ing the seasonal progression of otolith edge type.

At Woods Hole, thin-sectioned otoliths are examined with the
following exceptions: 1) Whole otoliths are used when possible for
younger fish to save preparation time, and 2) scales are used for
commercial samples when dealers do not allow otolith extraction
by National Marine Fisheries Service port samplers. (However,
scales cannot be aged accurately beyond 10 years-of-age due to com
pression of annuli on the scale edge). Upon removal from the fish,
otoliths are stored dry.

Although either otolith is a suitable structure, the ventral otolith
(easily distinguished in larger fish by its greater length and lesser
height) generally provides better interpretations in older fish due
to minimal dorsolateral compression within the sacculus. A low
speed macrotome saw is used for thin-sectioning otoliths to
thicknesses ofO.178±0.051 mm (0.OO7±0.OO2 inches); the most
successful orientation of the section is transversely through the
nucleus along the dorsolateral axis. The resulting section allows
tracing of hyaline zones from the sulcus area into the otolith body.

Sections are immersed in ethyl alcohol and viewed against a dark
background at magnifications of 25-50 X with reflected lighting.
Age determinations are based on the number of hyaline zones
present. Figure 1 shows a section from an otolith taken from a 54-em
female witch flounder assigned an age of 17 years. Features of in
terest include: A) poorly defined first annulus; B) broad, well
defined opaque and hyaline zones present through ages 2-9; C) a
check between annuli 6 and 7, possibly associated with initial
reproductive efforts; D) narrowing of both zones subsequent to age
5; and E) splitting of opaque zones which can be mistaken for an
nuli in the outer fields. The section from an 11-cm male illustrates



both a settling check within the nucleus associated with metamor
phosis and settling to a benthic habitat and the lack of a well-defined
first annulus (Fig. 2); this fish, captured in July, was assigned an
age of 1+. Figure 3 represents a typical intermediate-aged fish,
in this instance, a 34-cm female captured in April. Again, the first
annulus is poorly defined; however, the settling check and annuli
2-4 are prominent in this age-5 interpretation. For older fish, both
lateral fields must be utilized: earlier annuli, more distinct and less
subject to zone-splitting in the ventral field, can be traced around
to the dorsal field. This generally affords better interpretation of
later annuli. Later annuli may also be more accurately evaluated
within the sulcus, providing a point of reference has been established
in the otolith body. Care must be taken in evaluating the outer an
nuli of older fish and in categorizing the type and width of edge
material; often increasing magnifications and the examination of
the otolith halves are necessary in both instances.

An important clue in the age-determination process is also pro
vided by the spacing of opaque and hyaline zones. Annual incremen
tal growth of witch flounder diminishes sharply after age 12 and
remains fairly uniform thereafter; often decisions between true an
nuli and splits within opaque zones can be made by examining the
spacing of otolith events.

To summarize, thin-sectioning of otoliths is a reliable method
for witch flounder. Sectioning increases the preparation time, but
the resulting improvement in accuracy of age determinations justifies
the approach. Reliable age determinations beyond age 10 or so will
be an important prerequisite for analytical assessments of this
species.
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Figure 1
Otolith section from a 54-cm age-17 female witch Oounder coUected in November
showing a poorly dermed first annulus; broad, weD defined zones present through
ages 2-9; a check between annuli 6 and 7, possibly associated with initial reproduc
tive efforts; narrowing or zones subsequent to age 5; and splitting of opaque zones

in the outer fields. (This section is not cut exactly at the nucleus.)

Figure 2
Otolith section from an ll-cm age 1+ male witch Oounder coDected in July show

ing a settling check and poorly dermed rtrst annulus.

Figure 3
Otolith section from a 34-an age-5 female witch flounder coUected in AprU showing
a prominent settling check, poorly dermed rtrst annulus, and weD dermed annuli

2-4.
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American plaice is a sedentary, slow-growing flatfish ranging from
southern Labrador to Rhode Island (Bigelow and Schroeder 1953).
In the Gulf of Maine and Georges Bank area, individuals attain a
maximum length of about 70 cm (28 inches) and ages in excess
of 20+ years, with females growing faster than males after age
4 (Sullivan 1982, Dery unpubl.). Most American plaice in these
waters are sexually mature by age 3 (Sullivan 1982).

American plaice tend to be distributed in deep water from 90 to
180 m, and do not occur in waters less than 25-35 m. Feeding and
spawning migrations appear to be limited (Bigelow and Schroeder
1953, Pitt 1967, Sullivan 1982). Spawning in the Gulf of Maine
extends from March through May, with peak activity in April and
May (Bigelow and Schroeder 1953, Colton et al. 1979). Coastal
waters along the Gulf of Maine are nurserygrounds for this species
(Bigelow and Schroeder 1953).

Studies by Powles (1965, 1966) and Pitt (1967) validated hyaline
zones on otoliths as annuli for American plaice in Canadian waters.
Ageing techniques for the Gulf of Maine-Georges Bank region have
not been validated (Lux 1969, 1970, Sullivan 1982). Although the
hyaline zones are considered to be valid annuli, a large number
of Gulf of Maine and Georges Bank American plaice otoliths are
often difficult to interpret, exhibiting weak, diffuse, or split hyaline
zones, and, occasionally, strong checks. Little documentation of
such problems is available, although Powles (1966) noted the
presence of checks on the otoliths of small fish.

Powles (1965) and Lux (1970) examined whole otoliths stored
in glycerin; Pitt (1967) broke otoliths in half and examined the
broken surfaces. Sullivan (1982) examined thin-sections of otoliths
of specimens greater than 35 cm. Smaller otoliths were examined
whole in glycerin.

Age determinations have been performed at the Woods Hole
Laboratory by examination of the thin-section and cut surfaces of
one otolith. Tranverse sections 0.20 mm thick are made precisely
at the nucleus of the otolith. The other whole otolith may be used
to verify the age from the section and for young fish with clear
zone formation. Prior to examination, otoliths are stored dry. For
purposes of consistency with terminology applied to otolith sec
tions of other species described in the manual, the terms "dorsal,"
"ventral," "proximal," and "distal" are used to describe loca
tions on sections as if the fish's left eye had not migrated, resulting
in a change of orientation ofthe otoliths to a vertical position, one
above the other. Generally, the right or dorsal otolith provides the
best section for age interpretation. This otolith is relatively thick
and has a deeper sulcus acusticus. This is important in locating an
nular zones on thin-sections.

Although glycerin is an effective "clearing" medium for enhance
ment of hyaline zones, it has not been used at this laboratory because
of difficulties with edge interpretation of overly cleared otoliths.
Whole otoliths or sections are viewed in ethyl alcohol against a dark
background under reflected light. Magnifications of up to 50-60 x
are used in order to distinguish the closely spaced annuli near the
edge of older plaice otoliths.

The size of the first annulus is somewhat variable according to
time of hatching and individual growth differences. Annulus for
mation generally occurs during the winter months and seems to be
influenced by temperature (Pitt 1967). American plaice sampled
further inshore tend to form opaque edge earlier in the season than
deeper-water fish, possibly in response to advanced warming of
coastal waters. Younger fish also resume growth earlier than older
individuals, with some otoliths exhibiting large amounts of opaque
edge as early as April (Fig. 1). By October, most otoliths of young



fish have begun to form hyaline edge (Fig. 2), while otoliths of
older fish may continue to exhibit opaque edge (Fig. 3). It is
important to note that the transverse section will reveal less newly
formed edge than the otolith as a whole. More detailed informa
tion on time of annulus formation in the Georges Bank-Gulf of
Maine area is not currently available since specimens were available
only from spring and autumn survey sampling. By convention, a
birthdate of I January is used. As of this date, an annulus is inter
preted on the edge of the otolith until spring growth resumption.

The dark central kernel or nucleus of the otolith represents the
larval-to-juvenile pelagic phase of growth described by Powles
(1966) (Fig. 4). Surrounding this central kernel is a thin, weak
hyaline ring or "settling check" (Fig. 4) possibly representing the
change from pelagic to demersal habitat, and similar to the
"pelagic" ring described by Nichy (1969) for the silver hake. This
zone is sometimes evident through the surface of the whole otolith
and may be confused with the first annulus, which is formed rather
close to the nucleus (Powles 1966).

The first annulus is usually a relatively strong hyaline zone and
is clearly marked in the sulcus area (Figs. 2 and 5). A few plaice
otoliths exhibit an unusually large first annulus, with the settling
check surrounding the nucleus (Fig. 1). The first annulus may also
be very tiny and close to the nucleus, appearing as thin concentric
rings of hyaline material (Fig. 6).

Several factors that appear to influence the clarity of annulus for
mation on plaice otoliths include depth, temperature, growth rate,
and sampling location. Otoliths of plaice from deeper Gulf of Maine
waters often have less distinct annuli, probably because seasonal
influences on the growth of these fish are muted. Otoliths of faster
growing fish from the western part of the Gulf of Maine and Georges
Bank also exhibit less distinct zones than those of the eastern Gulf
of Maine and Scotian Shelf areas. These differences in growth rate
are apparent from examination of age/length keys (Dery unpubl.
data). Since stock structure in the Gulf of Maine is currently
unresolved (F.E. Serchuk, Woods Hole Lab., pers. commun.), the
significance of these regional differences is unclear.

Figures 1-8 show otolith sections with distinct annulus forma
tion. Although annuli may be clearly evident on all parts of a sec
tion (Fig. 2), they are usually most distinct on the proximal side
of a section from the right otolith in the area between the sulcus
and the dorsal edge (Fig. 7). Annuli tend to be more compacted
on the shorter ventral axis which could lead to erroneously low age
estimates. Because of the depth of the sulcus on sections shown
in Figures 3 and 7, the annuli are especially distinct. Figure 8 pro
vides an example of very slow growth, with the third through eighth
annuli formed very close together on the otolith of a fish of only
28 em. These zones are quite distinct, however, on the proximal
(sulcus) side of the section. After age 3, this otolith increased more
in thickness than in width or length, resulting in the apparent layering
of annuli.

Otoliths with split or diffuse annular zones are more difficult to
read, but are nevertheless interpretable in the sulcus area where
the hyaline zones are more clearly resolved. Figure 9 provides an
example of a split, diffuse second annulus. This section could easily
be overaged if interpreted along the transverse axis. However, only
one distinct zone (second annulus), in addition to the first annulus
and edge annulus, is evident in the sulcus area. Similarly, if
numerous checks are formed in-between annuli (Fig. 10), age can
be reliably interpreted only in the sulcus, because checks are not
normally evident on this part of the section. Figure II shows a
similar growth pattern for an older fish.
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The sulcus area, however, is not always the most reliable part
of the otolith section for age interpretation. Although the annuli
of Figure 12 are most distinct in the sulcus area, the eleven annuli
on the otolith section of Figure 13 are clearest along the dorsoprox
imal axis. On this section, two groups or clusters of annuli are evi
dent: annuli 2, 3,4, and 5, 6, 7. In Figure 14, annuli are much
more distinct on the dorsal axis than in the sulcus, which is very
difficult to interpret. Therefore, each section should be individual
ly evaluated for the best location to interpret the annuli, and alter
nate locations should be used to verify age.

Individual otoliths of American plaice may exhibit both strongly
and weakly defined hyaline zones, unlike individuals of other species
which tend to show a consistent pattern of hyaline zone formation
from year to year. The first several annuli may be distinct, with
those of the outer zones poorly formed (Fig. 15), or the outer an
nuli may be more distinct and the central or mid zone of the otolith
difficult to interpret (Fig. 16). This intra-otolith variability in defmi
tion of hyaline zones is typical of many American plaice otoliths.

On some otoliths, the growth patterns are so weak and variable
that error in age interpretation is likely. On these otoliths, each
hyaline zone must be carefully traced around the periphery of the
section to determine whether or not it is continuous and therefore
an annulus. The annular zones may appear as indistinct clusters
of very thin hyaline rings. In Figure 17, the separation between
the annuli is most evident on the distal side (bottom) of the section.
A growth pattern such as this may be very difficult to interpret on
a section from the thinner, more convex left otolith with a shallow
sulcus (zones near the sulcus may be poorly defined). Figure 18
is a left otolith section with a shallow sulcus, which is, however,
possible to interpret. The annuli along the dorsoventral axis are quite
weak and diffuse, which is characteristic of some fast-growing plaice
(Figs. 17 and 18). Some otoliths exhibit such poorly defined growth
zones that they cannot be reliably interpreted (Fig. 19).

The otoliths of older American plaice can be quite difficult to
age without a clear sulcus area on the section, or without an inter
pretable whole otolith. Figure 20 shows an otolith section from a
60-cm, age-l7(18) fish where the growth pattern is increasingly
complex toward the dorsal tip of the section. Annuli can be traced
from the sulcus area, which is fairly easy to interpret, around the
dorsal edge of the section. Age can also be determined using the
whole otolith (Fig. 21), which shows 17 continuous hyaline zones.

In summary, American plaice otoliths often exhibit complex'zone
formation requiring cross-verification of age using both the thin
section and/or whole otolith or sectioned otolith half. Young
American plaice can be aged by simply examining the whole otolith
in alcohol if the hyaline zones are strong and well defined. However,
where the interpretation is not clear, preparation of a thin-sectioned
otolith, preferably the left otolith, is necessary.
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Figure 1
Otolith section of a 34-i:m age 4+ American plaice col
lected in April showing a large first annulus and opaque

edge.
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Figure 2
Otolith section of a 35-cm age 5+ American plaice col
lected in November showing strong clear annuli and a

hyalIne edge.

Figure 3
Ventral part of an otolith section from a S4-cm age 12+
American plaice coUected in October showing a deep
sulcus facilitating interpretation of annuli around that

area.



Figure 4
Otolith section of a 'km age 0+ American plaice coDected
in November showing a weD dermed larval zone and

settling check.

Figure 5
Otolith section of a 3xm age-S American plaice coDected
in March showing strong clear annuli, especiaUy around

the sulcus, and split fifth annulus.
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Figure 6
Otolith section of a 16-cm age 2+ American plaice col
lected in October showing a strong, tiny rrrst annulus.

I<'igure 7
Otolith section of a 4lkm age-lO female American plaice
collected in May showing a deep sulcus and strong clear

annuli.



Figure 8
Otolith section of a 2lk:m age-8 male American plaice
collected in April showing very slow growth, with closely
spaced annuli layered on the proximal part of the section.

Figure 9
Otolith section of a 25-<:m age-3 American plaice collected
in April showing a split diffuse second annulus, inter

pretable near the sulcus.
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Figure 10
Otolith section of a 23-cm age 4+ American plaice

collected in April showing split zones and checks.

Figure 11
Otolith section of a 34-cm age 7+? American plaice

collected in April showing split zones and checks.



Figure 12
Otolith section of a 55-an age-9 American plaice collected
in April showing annuli clearly defmed near the sulcus,

but becoming more diffuse out to the dorsal edge.

Figure 13
Otolith section of a 63-cm age-II? American plaice show
ing groups of clustered annuli 2-34,5-6-7, and 8-9-10-11.
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Figure 14
Otolith section of a 63-cm age-13 American plaice
collected in May showing annuli more distinct along the

dorsal axis than near the sulcus.

Figure 15
Otolith section of a 56-rnt age 9+ or 10+ American plaice
collected in October showing weak annuli formed after

the fourth annulus.



Figure 16
Otolith section of a 56-cm age-tO American plaice col
lected in April showing weak, diffuse third, fourth, and

fifth annuli.

Figure 17
Otolith section of a 53-cm age 6+? American plaice col
lected in October showing very indistinct, diffuse annuli,
somewhat distinguishable on the distal (bottom) side of

the section.
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Figure 18
Left otolith section of a 57-em age-7 American plaice

collected in April showing weak, diffuse annuli 4-7.

Figure 19
Otolith section of a 33-cm age ? American plaice collected

in April showing very weak diffuse annuli.



Figure 20
Dorsal part of an otolith section from a 6O-cm age-17(l8)
American plaice collected in April showing increasingly

diffuse annuli out to the dorsal edge.
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Figure 21
Whole otolith from the American plaice of Figure 20

showing 17 or 18 continuous hyaline zones.
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Yellowtail flounder are found in the Northwest Atlantic from
Labrador to Chesapeake Bay; they prefer sandy bottom at water
depths of 37-73 m (20-40 fathoms) (Bigelow and Schroeder 1953).
Yellowtail tend to be relatively sedentary although seasonal move
ments have been documented. In U.S. waters, commercially im
portant concentrations occur on Georges Bank, off Cape Cod, and
in the Southern New England-Middle Atlantic region.

The growth rate to age 2 is the same for both sexes, but thereafter
females grow faster than males and also live longer (Lux and Nichy
1969). Growth rates differ by geographical area, with fish from
Georges Bank generally growing more rapidly than those from other
areas. Both males and females become sexually mature at age 2
or 3; males tend to mature at a younger age and at a smaller size
than females. Spawning occurs during spring and summer, with
peak activity in May. Ages to 17 years have been documented,
although individuals more than 7 years old are uncommon.
Yellowtail attain lengths of up to 47 cm (18.5 inches) and weights
up to 1.0 kg (2.2 pounds).

Historically, scales have been used for age determinations. Royce
et al. (1959) and Lux and Nichy (1969) have validated procedures
for age determinations based on scales. These procedures give good
results over the range of ages normally present in the population
(ages 0 to 7).

Scales are removed from the eyed side of the fish along the lateral
line immediately anterior to the caudal peduncle for dry storage.
About 5 or 6 scales from each fish are impressed on a laminated
plastic slide using a roller press and viewed on a microprojector
at a magnification of 52 X with transmitted light. Regenerated scales
are discarded.

The scales are ctenoid and radial grooves extend from the focus
to the forward margin of the scale (Fig. 1). Scanning electron
microscopy shows the outer surface is sculptured with concentric
rings of circuli comprised of individual platelets, while the inner
surface is smooth. The spacing of the circuli indicates periods of
rapid and slow growth. Rapid summer-type growth is character
ized by circuli which are spaced relatively far apart; slow winter
type growth is characterized by circuli spaced relatively close
together (Fig. 2).

The annulus is defined as a zone of close winter circuli marking
the end of a year of growth, Le., the winter growth zone. The first
annulus is a small, central zone of closely spaced circuli found very
close to the focus of the scale (Figs. I and 3). The following
characteristics, following the criteria of Jensen and Wise (1962)
for haddock, also identify annuli on yellowtail scales: an annulus
1) can be traced entirely around the anterior portion of the scale;
2) can be traced, by careful scrutiny if necessary, entirely around
the scale; 3) is clearly separated from other such zones, either by
a zone of summer-type growth or because of "cutting over" marks
on the scale, and does not ordinarily meet other annular zones at
any point on the anterior portion of the scale; and 4) if present,
is found on all the normal scales from that particular fish. Many
of the criteria used for distinguishing annuli on yellowtail scales
are also used for scales from other species te.g., haddock).

By convention, the birthday of all fish in the northern hemisphere
is 1 January; therefore, a winter growth zone forming on the edge
of the scale is designated as an annulus on I January, even though
the zone is not complete. Summer-type edge generally forms dur
ing spring and summer (Fig. 3) with winter-type growth predomi
nating during fall and winter (Figs. 1 and 4). Older fish begin put
ting down summer-type edge growth later than younger fish do and
start winter-type growth earlier.



A major pattern feature which determines annuli is the number
of circuli per unit area. The number increases during slow winter
growth and decreases during rapid summer growth. Measurement
of the distance between circuli shows relatively wide interspaces
during rapid summer growth, and as the interspace decreases, com
paction of the circuli forms the broad dark-appearing rings that
represent the period of slow winter growth. The end of an annulus
(i.e., the last true winter circulus in the winter growth zone) is
generally followed by a rapid transition from narrow to widening
interspaces, signifying the start of the next period of rapid summer
growth. This usually occurs in the spring ofthe year, but can vary
in different geographical areas. Number of circuli per unit area and
circuli interspaces are useful in determining the first few annuli,
but after the third or fourth annulus, there is a gradual reduction
in the number of the circuli formed during a year's growth. This
diminishes the usefulness of these criteria. Cutting-over marks are
often helpful in determining annuli for older fish.

Checks may be distinguished from annuli by general appearance,
relative width, and location. Checks usually begin abruptly, whereas
annuli generally have a transition zone showing a relative decreas
ing of the interspace between circuli before the true winter zone
is reached. Absence of a rapid transition to summer growth after
the check may also help to distinguish it from an annulus. Checks
may also be distinguished by following them towards the sides of
the scale to determine if they merge with an annulus to form one
zone. This method is generally applicable for only the first few an
nuli. Later annuli may be too crowded together for easy separation
on the sides of the scale. Checks may be stronger on some scales
and weaker, or even absent, on others, while annuli are present
on all scales from a particular fish. Thus several scales are examined
from each fish for a verification of the assigned age. It is sometimes
necessary to make two or three impressions, with five or six scales
each, before a clear "composite" picture of the fish's growth can
be determined.

Spacing of the annuli relative to each other and to the focus of
the scale may be used to differentiate between annuli and checks.
For example, if two winter growth zones are found relatively close
together on a scale from a younger fish, and all the other winter
zones on the scale are relatively far apart, then one of the two close
zones will probably be called a check and not an annulus. This type
of annulus construction (i.e., two close zones) is generally described
as a split annulus, since it is usually difficult to determine which
zone is the check and which is the annulus (Fig. 3). On scales from
older fish, annuli formed after the third or fourth year are expected
to be fairly close together.

General patterns based on the geographic origin of the fish are
also used as an aid in identifying annuli. For example, a character
istic check, called the third summer check, is often apparent in the
spring or summer growth zone of the third year of life for fish from
Southern New England (Figs. 4 and 5). This check is generally
strong on scales from fish from the Southern New England area,
but it is usually weak or absent on scales from fish from the eastern
part of Georges Bank (Figs. 6 and 7). Southern New England fish
also grow more slowly than do fish from other areas so that annuli
formed after the third year are composed of few circuli and are
very close together. Cutting-over marks are often helpful in deter
mining annuli for older Southern New England fish. A rule of thumb
for older fish from this area is to count as annuli all "possible"
zones delineated by cutting-over after the fourth annulus, especial
ly if the specime" is a male. Females from this area, being faster
growing, show slightly better separation of annuli up until the
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fifth or sixth annulus, after which annuli are closely compacted on
the scale.

Fish from the southwestern area of Georges Bank generally show
only a weak third summer check, if it is present at all. Because
of their more rapid growth rate, their scales show a better separa
tion of annuli which are fairly distinct through the sixth year of
life for both sexes. (Note the pronounced alteration of summer and
winter growth zones in Figures 6 and 7).

Fish from the northern and eastern parts of Georges Bank general
ly lack the third summer check and, because of their rapid growth
rate, also have distinct, well-separated annuli (Fig. 8). Sometimes,
however, growth is so rapid that winter zones do not contain closely
spaced circuli and consequently annuli are often indistinct. With
these fish it sometimes helps to actually move back from the
microprojector screen to gain a better perspective of the overall
pattern of growth when assigning an age.

Yellowtail taken on the Cape Cod grounds generally show slower
growth in the first two years, followed by more rapid growth in
the third and fourth years. There may sometimes be a distinctive
check immediately after the second annulus (Fig. 9).

Yellowtail from the Browns Bank region on the Scotian Shelf
grow even more slowly in the first three years of life, although
growth in the fourth through sixth years is more rapid. A gradual
slowdown in growth is evident in subsequent years (Fig. 10).

A consistent problem involves distinguishing checks caused by
damage or injury to the fish. In these cases, the scale is physically
shifted in the scale pocket so that subsequent circuli are not quite
in line with previous circuli and "lost" circuli and irregular spaces
result. Circuli in the damaged area may disappear when an attempt
is made to follow them around the scale. These marks on the scale
correspond with the area of regeneration on lost scales. The effect
is similar to that of cutting-over, a condition caused by erosion of
the scale edge, and can create a good deal of confusion in deter
mining annuli. One way to distinguish between damage and cutting
over marks is to identify marks occurring at the end of a winter
zone. If this occurs, then it can usually be assumed to be cutting
over (Fig. 8).

Another major problem is in determining the type of growth
present on the edge of the scale. The thinness of the scale edge
often results in an impression with a light coloration that may ap
pear to be summer edge (Fig. 5). However, the only true difference
between summer and winter edge is seen in the relative spacing
between circuli. A simple way of improving impressions to lessen
this optical problem is by angling the upper roller of the press. This
applies slightly more pressure to the edge of the scale.

The most reliable general criterion for distinguishing checks from
annuli for yellowtail scales is the relative location of the annuli.
In first looking at a scale, an attempt is made to mentally superim
pose a regular growth pattern, based on prior knowledge of typical
patterns for the geographic origin of the fish. Any zone not fitting
the pattern is closely scrutinized to determine if it is a check or
a split (Fig. 7). Particular year-classes may also exhibit peculiar
growth characteristics which assist in determining age. Some year
classes may exhibit a certain split annulus, or a strong check between
two particular annuli, or perhaps two close annuli. Recognition of
a characteristic growth pattern for a difficult specimen may be used
to help assign the most probable age for the fish.
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Figure 2
Scanning electron microscope photograph of an actual yellowtail Rounder scale
(magnification 166x) showing the difference between summer and winter platelets.

Figure 1
Scale impression from a 2(km age-I Immature yeUowtail Rounder coUected in
the fall from Southern New England, with winter edge just beginning to form.

Figure 3
Scale impression from a 12-an age-I
Immature yeUowtail Rounder col
lected in the spring from Southern
New England showing a sp1It first an
nulus, with summer edge forming.
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Scale impression Figure 4
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Scale impression k Figure 5
collected in F b om a 32-i:m age-4strong third e ruary from Soutb male yellowtail fIsummer check . ern New Engl ounder• WIth possibl and showine summer edg g ae forming.



Figure 7
Scale impression from a 3lkm age4 male yellowtail flounder collected in October
from southwestern Georges Bank showing a split fourth annulus, with no third

summer check.
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Figure 8
Scale imprCS!:ion from a 54-cm age-8 female yellowtail flounder collected in May
from northern Georges Bank showing distinct annuli with strong cutting-over.



Figure 9
Scale impression from a 31-an age-2 yeUowtall flounder coUected
in November from the Cape Cod area showing the distinctive

check after the second annulus.
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Figure 10
Scale impression from a 36-cm age-7 male yeUowtail flounder coUected in the
spring from Browns Bank showing the close first, second, and third annuli typical

for this area.
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Surf clams are found from the Gulf of St. Lawrence to Cape Hat
teras (Ropes 1980). In the Middle Atlantic Bight, where the resource
is extensive and an active fishery exists, this mactrid occurs from
the coastal beach zone to depths of over 60 m. Off New England,
surf clams are found along nearshore ocean beaches, on shoals off
Nantucket and Martha's Vineyard, and on Georges Bank.

Surf clams are of separate sexes, although some individuals are
hermaphroditic (Ropes 1982). In the Middle Atlantic Bight, spawn
ing occurs primarily during summer, although some activity has
also been documented in autumn (Ropes 1968). Sperm and eggs
are released into the environment where fertilization and larval
development occur. Full sexual maturity is attained in the second
year of life at a shell length of 45 to 85 mm (Ropes 1979). Growth
is fairly rapid to about age 7, but diminishes thereafter (Fig. I).
A maximum shell length of 226 mm and longevity estimate of 37
years have been reported for surf clams (Ropes and Jearld 1987).

Belding (1910) reported the earliest age information for surf clams
based on observations that rings or bands on the external valve sur
face probably form annually. Mean shell length at age values were
reported for surf clams ~7 years old. The method was extended
to studies of surf clams at Prince Edward Island, Canada (Kerswill
1944), off Long Island, New York (Westman and Bidwell 1946),
off central New Jersey (W.R. Welch, Maine Dep. Mar. Resour.,
W. Boothbay Harbor, ME 04575, pers. commun. 1963), off Buc
touch, Canada (Caddy and Billard 1976), and off Virginia (Loesch
and Ropes 1977). An age of 17 years was the oldest reported in
these studies, but none of the shell-length measurements exceeded
163 mm (Ropes 1980). Age was not determined for larger clams,
because early rings on the valves were obliterated by erosion, and
later rings became too crowded together at the valve margin for
definite separation. Since significant numbers of clams >163 mm
are found in natural populations (Ropes and Merrill 1976), the
method is not generally applicable.

Bivalves have been found to deposit specific internal microstruc
tures annually (Rhoads and Lutz 1980). These are considered to
be relatively unaffected by external conditions and can be critical
ly examined by microscopic enlargement. Therefore, methods were
developed for exposing and examining such deposits in the shells
of surf clams. In 1975, procedures were developed at Oxford,
Maryland, for sectioning whole valves from the umbo to valve
margin using a diamond-impregnated sawblade. The cut edges were
then polished to remove saw marks and enhance the age-growth
structures. Distinctive dark lines seen in the cut edges of the valves
terminated at external rings. The annual periodicity of these lines
was validated by marking experiments (Ropes and Merrill 1970,
Jones et al. 1978). Although the method was reliable, age deter
minations required careful microscopic examination of the cut sur
face, which, together with the cutting and polishing procedures,
proved to be excessively time-consuming.

A more efficient method has been developed based on similarity
between the number and relative location of annuli in the valve and
chondrophore (Ropes and O'Brien 1979). A linear correspondence
has been found between chondrophore and valve growth (r =0.97).
The preparation of a chondrophore for examination includes ex
cision of the chondrophore from the valve by a pair of diamond
impregnated blades, gluing the excised chondrophore onto a slide,
and production of a thin-section (0.25 mm thick) using an Isomet
low-speed saw.

Age determinations are conducted under transmitted light at
50-100 x . Wetting agents on the surface of the sections are un
necessary. A television/microscope monitoring unit also provides



adequate resolution of most sectioned chondrophores and has the
advantage of permitting examinations by several viewers. Such
devices are invaluable for training age readers and resolving age
determinations of difficult specimens. In these examinations, light
is transmitted through the translucent age annuli and blocked by
the opaque growth increments, producing alternate zones of white
and black, respectively. The exact opposite occurs in a photographic
print (Fig. 2).

Bivalves may alter construction of their shells to form annular
marks because of extrinsic or intrinsic factors (Lutz and Rhoads
1980). Low winter temperatures have been cited as the cause for
annulus formation in several bivalves, including Stimpson's surf
clam, S. polynyma (Feder et al. 1976). For the surf clam, annuli
may form in response to spawning stress (Jones et al. 1978).
Anaerobic conditions reportedly contribute to annulus formation
in the northern quahog, Mercenaria mercenaria, and the ocean
quahog, Arctica islandica (Lutz and Rhoads 1980).

Jones (1980, 1981a) investigated age-growth phenomena of surf
clams and examined shells under a scanning electron microscope.
He identified specific microstructural elements constituting the age
annuli and growth increments in the outer shell layer and found
that very fine layers in the shells of surf clams had no subdaily,
daily, or tidal periodicity. Only annual layers were formed with
a consistent periodicity.

The aforementioned research provides the basis for making
routine age estimates from thin-sectioned surf clam chondrophores.
Since age readers customarily use the term "hyaline zones" for
age-mark determinations of other animals, this term is used herein
to describe and identify the translucent age annulus or portions of
an annulus in surf clam chondrophores. Three types of annuli have
been recognized: the first annulus formed near the umbo, those
formed during the next 9 years or so, and those formed from the
10th year or so onward. This separation is based on the apparent
thickness of hyaline zones and a repetitive accretion of hyaline zones
in some annuli. Age readers are instructed to count annuli begin
ning at the distal growing edge of a chondrophore, since it has been
found that counts initiated at the umbo often resulted in an under
estimation of age.

Environmental conditions at the sample location may influence
the time of annulus formation. Jones (1980) found developing an
nual marks during late summer-early fall for specimens collected
off New Jersey. Our observations confirm these data with the ex
ception that clams from off Delmarva Peninsula form the annulus
later in the fall, i.e., from October to December. These geographic
differences in time of annulus formation may create confusion in
age interpretation. A difficulty arises with the designation of I
January as the standardized birthdate, since all annuli formed in
early fall may show that substantial growth had occurred before
the January birthdate. Therefore, caution must be exercised assign
ing an additional year of age due to finding a hyaline zone at the
distal edge of chondrophores collected between the time of annulus
formation and I January. This procedure assumes an annulus is
formed in the first few months after larvae settle to the bottom.

The first annulus is usually a single, relatively narrow hyaline
zone (Fig. 2a). Distance from the umbo to the most distal edge of
the first hyaline zone is often variable. This may occur from im
proper technique during the cutting or grinding operations. More
typically, variation may result from an annual variation in timing
of larval production and settlement due to protracted spawning ac
tivity. One to three-month periods of peak spawning activities have
been reported by Ropes (1%8) and Jones (198Ib), with some lower
levels of spawning before and afterwards. This interpretation,
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however, does not take into account possible differences in grow
ing conditions at the place of settlement.

The second through about the tenth annuli may be characterized
by alternating weak and strong hyaline zones separated by narrow
opaque bands (Fig. 3). The terms "strong" and "weak" relate to
the relative thickness of the hyaline zones and degree of light
transmission through the zones. Double hyaline zones comprising
an annulus are delimited from preceding and subsequent annuli by
wide opaque bands. A reduction and increase in the growth rate
during the formation of an annulus are suggested by this alternative
pattern of zones and bands.

The hyaline zones and opaque bands of subsequent annuli are
greatly compressed, although variation in growth between annuli
may occur (Fig. 3). Each distinct hyaline zone is counted as an
annuli. The more compressed pattern of these annuli is suggestive
of a reduction in the growth rate.

Occasionally chondrophores have incomplete hyaline zones, par
ticularly in the case of annuli formed after the tenth year of life.
These are narrow hyaline zones in the middle of a chondrophore
that fail to clearly extend to the lateral edges (Fig. 3). They are
categorized as growth checks.

Although patterns of annular growth are similar for most areas
that have been sampled, others have unique characteristics. Surf
clams from Nantucket Shoals have much more diffuse hyaline bands.
The bands are not discrete groups sharply delineated by opaque
zones but tend to split more frequently and blend together. The
dynamic environment of this area may create conditions which are
not conducive to consistent deposition of annular material. Inshore
and offshore samples along the Middle Atlantic coast also exhibit
different growth patterns (Jones et al. 1978) and consequently the
annuli pattern varies. In this area, though, the rings are defined
well enough to age.
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Figure 1
Relationship between age and growth in surf clams.
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Figure 2
Photographic enlargements of thin-sectioned chondrophores from surf clams: (a) 139 mm (shell length), age 8; and
(b) 137 mm (shell length), age 13. The rrrst annulus formed in the life of a surf clam is sometimes faint (arrow in
dicates a bold annulus in the chondrophore of the upper clam). The most recent annulus at the marginal edge of

these chondrophores was not completely formed.

127



Figure 3
Photographic enlargement of the thin-sectioned chondrophore of a 175-mm (shell length), age-32 surf clam.
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The geographic range of the ocean quahog is extensive. This arc
ticid occurs along the east coast of North America north of Cape
Hatteras to St. George's Bay, Newfoundland, Canada, off the
southern coast of Iceland, off the Faroe and Shetland Islands, and
along the European coast northward from the Bay of Cadiz, Spain,
around the British Isles, in the North Sea, and off the Norwegian
coast to the White Sea in Russia (Merrill and Ropes 1969, Ropes
1979). Off the Middle Atlantic coast it is common at depths of 35
to 75 m.

The sexes are separate, although hermaphroditism may occur
(Mann 1982). A period of intense spawning from August into
November has been found for ocean quahogs, although minor
spawning activity has been observed in earlier and later months
(Loosanoff 1953, Jones 1981, Mann 1982). Sperm and eggs are
released into the environment where fertilization and larval develop
ment occur. In samples from off Long Island, NY, the youngest
ocean quahogs that had attained sexual maturity were an age-5 male
and an age-6 female (Ropes et al. 1984b). Growth of ocean quahogs
is fairly rapid during the first 20 years of life but lessens greatly
thereafter (Murawski et al. 1982, see Figure I). Ocean quahogs
of about 100 years and older are common; a maximum shell length
of 140 mm (5.5 inches) and a maximum longevity estimate of 225
years have been reported (Ropes 1985).

Murawski et al. (1982) reviewed early studies that presented large
ly unsubstantiated age and growth observations for ocean quahogs.
Earlier investigators interpreted dark concentric rings or bands found
on the external valve surface of small quahogs (~60 mm shell length)
as annual marks. Larger, older quahogs were not aged because the
rings crowded together at the valve margin and became obscured
by the thick, black periostracum.

Recent age determinations at the Woods Hole Laboratory have
been based on enumeration of annuli in acetate peel preparations
(Thompson et al. 1980a,b; Jones 1980; Ropes et al. 1984a,b). In
light microscope examinations of these acetate peels, outer and in
ner layers of the three-layered aragonitic ocean quahog shell are
quite obvious, unlike the very thin prismatic pallial myostracum,
which separates the outer from inner layers. Annuli occur in the
relatively thick outer valve layer, curve toward the umbo from exit
locations at valve surface bands, and seem to merge with the
prismatic pallial myostracal layer. Annuli in peels appear as dark
lines; growth increments form a lighter, textured background (Figs.
2 and 3). Definite prismatic microstructures, considered to be an
nuli, were found by investigators at Princeton University (Thomp
son et al. 1980a, Jones 1980) that separated growth increments from
predominantly homogeneous microstructures. Although the
microstructures are only visible by scanning electron microscopy
(Ropes et al. 1984a), light microscope examinations of acetate peels
clearly revealed the periodicity of annuli in small and large marked
quahogs (Figs. 2 and 3).

The left valves of ocean quahogs are prepared, since they have
a single tooth that contains age marks, and correspondence in the
number of marks in the tooth and valve adds confirmation to an
age estimate for a specimen. The valves are sectioned by a diamond
impregnated blade on an Isomet slow-speed saw machine. A valve
is oriented on the machine to make a cut through the umbo and
to the ventral margin such that the broadest surface of the tooth
remains in the anterior valve portion. This portion is immersed in
bleach (sodium hypochlorite rv 5.25%) to remove the periostracum,
rinsed in tapwater, and allowed to dry before embedding it in Epon
815 resin. After hardening, the embedded valve cut surface is ex
posed by grinding off excess resin and polished to a high luster



on a vibrating lap machine. Etching the cut surface of the valve
for I minute with 1% HCI preceeds application of sheet acetate
and acetone. The sheet is peeled off after the acetone evaporates.
The image produced in the peel is a necessary procedure, since the
thin-age annuli are microscopically indistinct on the external valve
surface, in the cut surface, or thin-sections of ocean quahog shells.
Although age annuli and growth increments are reproduced clear
ly in the peels, they must be examined microscopically. Optimal
contrast between annuli and growth increments in examinations of
peel preparations is possible under a compound microscope at low
(40x) magnifications, low transmitted light intensity, and with the
iris/diaphragm of the substage condenser closed down.

Various experimental evidence, including radiometric analyses
(Turekian et al. 1982, Bennett et al. 1982), suggests that annual
age marks are formed in the valves of ocean quahogs. Validation
of an annual periodicity for these marks has been supported by a
marking experiment (Murawski et al. 1982). Recovered individuals
show the expected number of annuli formed during the period
between marking and recapture (Figs. 2 and 3).

Problems in determining an age for an ocean quahog relate to
the loss of the earliest-formed annuli in the valve from erosion of
the outer valve layer, a condition not uncommon in old individuals.
Annuli formed during the first 10-15 years in the life of an ocean
quahog may split into multiple lines at the valve-surface exit loca
tions. Careful observation will usually reveal that they merge at
the pallial myostracum. These conditions can result in deviations
in agreement between annuli counts of the valve and hinge tooth,
and individuals have been found to have a confusing pattern of
growth lines suggestive of aberrant growth (Ropes et al. 1984b).
The labor-intensive preparation of acetate peels and ages approach
ing or exceeding 100 years for many ocean quahogs are additional
problems.
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Figure 1
Relationship between age and growth in ocean quahogs.
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Figure 2
(a) A 110-nun (shell length), age-125 ocean quahog, Arctica is/andica, released after marking in 1978 off Long Island, NY, and recovered 6
September 1983 before the annulus had formed for that year; (b) enlargement of the marked area; (c) photomicrograph of the valve margin show

ing the annulus formed soon after marking (arrow) and four additional annuli,
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Figure 3
(a) A 62-mm (shell length), age-ll ocean quahog, Aretlea Is/amHea, released after marking in 1978 off Long Island, NY, and recovered 6 September 1983 before the annulus

had formed for that year; (b) hinge tooth showing II annuli; (c) photomicrograph of the valve margin with each annulus identified by the year of its formation.
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APPENDIX A
Age-structure preparation:
Equipment and supplies

Fish processing _

Coin envelopes for age samples

#1 ungummed, flap extended, printed.
Available from

Crest Envelope
2125 Highlands S.E.
Kentwood, MI 48508

or
Massachusetts Envelope Co.
30 Cobblehill Rd.
Sommerville, MA 02143

Thin-sectioning

Isomet low-speed saw with swivel-arm assembly and flanges.
Available from

Buehler Ltd.
41 Waukegan Road
P.O. Box 1
Lake Bluffs, IL 60044

Specifications or model numbers:
Isomet low-speed saw #11-1180
Swivel-arm assembly #11-1181
Chuck #11-1187
Flanges 2W diameter, recessed, set of two, #1180-S48

Diamond blades.
Available from

Norton Company
Worcester, MA 06106

(also available through local distributors)
Size and specifications of those currently used:

F0565977 Norton Diamond blade
3 x 0.006 x 'h Type lAl
Blueprint ME 120929
M4D 1O/20MI-N50M9-1/8

Paraseal Wax for canning and candles. Available in local markets.

Dennison Marking Tags - white, No. 12-105-1.
Available from office supply stores.

Carbon Decolorizing, Nuchar S-N (from coal) C-177.
Available from Fisher Scientific Co. and other scientific suppliers.

Calcium Oxide Powder, Technical C-114.
Available from Fisher Scientific Co. and other scientific suppliers

Scotch double-sided tape. Available from office supply stores.
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Glycerin. Available from chemical supply companies.

Clear, liquid dishwashing detergent. Available from local markets.

Adjustable-temperature hot plate, Thermolyne, Type 1900,
#HP-AI915B, 115V AC 700W.

Available from scientific suppliers.

Double boiler or egg poacher. Available from houseware stores.

Impressing scales

Jeweler's press, flat rolling hand mill.
Available from

Wm. Dixon Company
Carlstadt, NJ 07072

Cellulose Acetate plastic, 0.040 inch thick, 22 x52" sheets.
Available from

Commercial Plastics Co.
21 Main Street
P.O. Box 24
Cherry Valley, MA 01611

Laminated plastic
Curform Grade 7781,8.0 mil polyester/O.l mil saran/1.25 mil

polyethylene.
Curform Grade 7770, 8.0 mil polyester/O.l mil saran/0.75 mil

surlyn.
Both available from

Curwood Inc.
718 High Street
New London, WI 54961

Curlam Grade 7780, 7.5 mil polyvinyl chloride/2.0 mil surlyn.
Curlam Grade 7710, 7.5 mil polyvinyl chloride/2.0 mil

polyethylene.
Both available from

Tenneco Chemicals
Nixon Lane
Nixon, NJ 08817

Embedding otoliths

Permount, SPI5-500. Available from Fisher Scientific and others.

Xylene X-5. Available from Fisher Scientific and others.

Molded plastic otolith trays, 10 x5, circular depressions, jet black
color.

Available from
Can-Am Containers
P.O. Box 340
Spring Hill, Nova Scotia BOM lXO

or
Sheepscots Machine Works
P.O. Box 406
Boothbay, ME 04537



Baking otoliths

Toaster oven (any type that will heat to 550°F.)
or

Scientific oven, Dryco 20W 115V, or other types may also be used.
Available from

Dryco Products Inc.
65-37 Fresh Meadow Lane
Fresh Meadow, NY 11365
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Bivalve processing _

Raytech 10" slab & trim saw, model #AL-PI05, catalogue #20-023.
Available from

Raytech Industries, Inc.
P.O. Box 6
Stafford Springs, CT 06075

Diamond blades
For rough cuts: Red Blazer lOx028x038xYsxlh, cat. #33-<>90.
For fine cuts: Red Blazer 4x012x020x lh 4" diam. cat.#33-061

or Red Blazer 5x012x020xlh 5" diam. cat. #33-069.
Available from

Raytech Industries, Inc.
P.O. Box 6
Stafford Springs, CT 06075

Di-acetate sheets 19x24xO.OO5" thick for acetate peels.
Available from

Commercial Plastics and Supply Corp.
352 McGrath Highway
Sommerville, MA 02143

Epon 815 and DTA hardener.
Available from

Miller-Stephenson Chemical Co., Inc.
P.O. Box 950
Danbury, CT 06810



APPENDIX B
Age-structure examination:
Equipment and supplies

Kodak Photo-Flo 200 Solution.
Available from local photo supply stores.

Microprojectors

Contour bench projector with 12" diameter screen.
Cat.#900-377 - Leitz TP 300 Contour Projector
Cat.#851-515 - 20:1 objective magnification
Cat.#851-516 - 50:1 objective magnification

Available from: local Leitz distributors

Microfiche reader #102568, ABR 914; #123599 dual lens accessory;
#123645 lens; #123462 lens.

Available from
Bell & Howell Company
45 4th Avenue
Needham Heights, MA 02194

Binocular stereomicroscopes

LeitzlWild M3, M5, M8 stereomicroscopes.
Available from local Leitz/Wild distributors.

TV Camera & Monitor

S-NC65SC high resolution Newvicon camera
S-14VM993 Audiotronics 19" monitor
S-BNClOl 10' cable
S-3665 Parfoclizer
Available from

Spectra Instruments
235 Great Road
Littleton, MA 01460
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